According to the rotational splitting law of g modes, the frequency spectra of EE Cam can be disentangled only with oscillation modes of ℓ = 0, 1, and 2. Fifteen sets of rotational splits are found, containing five sets of ℓ = 1 multiplets and ten sets of ℓ = 2 multiplets. The rotational period of EE Cam is deduced to be P rot = 1.84 +0.07 −0.05 days. When we do model fittings, we use two nonradial oscillation modes (f 11 and f 32 ) and the fundamental radial mode f 1 . The fitting results show that χ 2 of the best-fitting model is much smaller than those of other theoretical models. The physical parameters of the best-fitting model are M = 2.04 M ⊙ , Z = 0.028, T eff = 6433 K, log L/L ⊙ = 1.416, R = 4.12 R ⊙ , log g = 3.518, and χ 2 = 0.00035. Furthermore, we find f 11 and f 32 are mixed mode, which mainly characterize the features of the helium core. The fundamental radial mode f 1 mainly restrict the features of the stellar envelope. Finally, the acoustic radius τ 0 and the period separation Π 0 are determined to be 5.80 hr and 463.7 s respectively, and the size of the helium core of EE Cam is estimated to be M He = 0.181 M ⊙ and R He = 0.0796 R ⊙ .
INTRODUCTION
The δ Scuti pulsator EE Cam is classified as an F3 star on basis of the Strömgren indices (Olsen 1980) . The star was firstly discovered to be a variable star in the Hipparcos mission (Perryman et al. 1997) . Koen (2001) reanalyzed the Hipparcos epoch photometric data and obtained two frequencies of 4.93 cd −1 and 5.21 cd −1 . The first comprehensive frequency analysis of the photometric data for EE Cam was published by Breger et al. (2007) . EE Cam was observed photometrically for 87 nights from 2006 to 2007 using the Vienna University Automatic Photoelectric Telescope (Strassmeier et al. 1997; Breger & Hiesberger 1999; Granzer et al. 2001) , situated in Washington Camp, Arizona, USA. Fifteen oscillation frequencies were detected (Breger et al. 2007 ). With 213+ nights additional photometric data, the number of detected frequencies was increased to forty, of which thirtyseven were independent (Breger et al. 2015) . These oscillation frequencies are shown in Table 1 of Breger et al. (2015) .
In addition, Breger et al. (2015) compared the observed phase shifts and amplitude ratios with those derived from theoretical models. They identified the dominant mode f 1 = 57.101 µHz as a radial mode and the second dominant mode f 2 = 60.345 µHz as a nonradial mode with ℓ = 1. Moreover, Breger et al. (2015) performed a detailed analysis of pulsation instability, and suggested the radial mode f 1 as the fundamental radial mode. Both of the radial mode and nonradial oscillation modes are detected. Different oscillation modes show different propagation behaviors in the star, thus EE Cam is an ideal object for asteroseismology.
Our work extends the work of Breger et al. (2015) , and presents a comprehensive asteroseismic analysis for EE Cam. The present work is organized as follows. In Section 2, we propose our mode identification on basis of rotational splitting. In Section 3, we describe the details of stellar models. Fundamental parameters of EE Cam is introduced in Section 3.1, Input physics are elaborated in Section 3.2, and model grids are presented in Section 3.3. We analyze our asteroseimic results in Section 4. The best-fitting model are elaborated in Section 4.1, the fitting result is discussed in Section 4.2. Finally, we conclude the results of our work in Section 5.
MODE IDENTIFICATIONS BASED ON THE ROTATIONAL

SPLITTING
According to the theory of stellar oscillations, each oscillation mode can be characterized by three spherical harmonic numbers: the radial orders n, the spherical harmonic degree ℓ, and the azimuthal order m. If a star is rotating, departures from spherical symmetry caused by stellar rotation will result in the nonradial oscillation mode splitting into 2ℓ+1 different frequencies. For high-order g modes, the approximate formula of the rotational splitting δν ℓ,n and the rotational period P rot can be described as (Brickhill 1975) . In Equation (1), m varies from −ℓ to ℓ, a total of 2ℓ+1 different values. The value of υ sin i of EE Cam is measured to be 40 ± 3 km s −1 by Breger et al. (2007) and to be 51 ± 8 km s −1 by Bush & Hintz (2008) . The two results of υ sin i are consistent within 1σ error. Besides, Breger et al. (2015) showed the inclination angle i being 34 ± 4 deg. Then the equatorial rotation velocity is estimated to be 72 ± 10 km s −1 from υ sin i of Breger et al. (2007) , and to be 91 ± 25 km s −1 from the result of Bush & Hintz (2008) . According to the analyses of Chen et al. (2017) , the second-order effect of rotation is much smaller than that of the first-order. Thus the second-order effect of rotation is neglected in our work.
According to Equation (1), splitting frequencies with ℓ = 1 form a triplet and splitting frequencies with ℓ = 2 form a quintuplet. Moreover, the rotational splitting of ℓ = 1 modes and that of ℓ = 2 modes meet the proportional relation δν ℓ=1,n δν ℓ=2,n = 0.6 (2) (Winget et al. 1991) . Based on the above analyses, we search for potentially rotational splits in the frequency spectra of EE Cam and list them in Table 1 . The frequency ID in Table 1 follows the serial numbers of Breger et al. (2015) . A total of fifteen sets of possible multiplets are found. The averaged value of the frequency splitting δν 1 in Multiplet 1, 2, 3, 4, and 5 is 3.256 µHz. The averaged value of the frequency splitting δν 2 in Multiplet 6, 7, 8, 9, 10, 11, 12, 13, 14 , and 15 is 5.403 µHz. The ratio of δν 1 and δν 2 is 0.603, which agrees well with Equation (2). We hence identify the spherical harmonic degree of frequencies in Multiplet 1, 2, 3, 4, and 5 as ℓ = 1, and the spherical harmonic degree of frequencies in Multiplet 6, 7, 8, 9, 10, 11, 12, 13, 14 , and 15 as ℓ = 2. Furthermore, it can be noticed in Table 1 that the identifications of the azimuthal order m of oscillation frequencies are unique in Multiplet 1, 5, 6, 7, 13, 14, and 15 . However, the identifications of the azimuthal order m of oscillation frequencies in other multiplets allow of more possibilities (e.g., two possibilities in Multiplet 2, 3, 4, 11, and 12, three possibilities in Multiplet 10, and four possibilities in Multiplet 8 and 9). The photometric mode identifications of Breger et al. (2015) show that f 2 is a mode with ℓ = 1 and f 3 is a mode with ℓ = 1 or ℓ = 2. Moreover, Breger et al. (2015) suggest f 3 being a dipole mode on basis of the line-profile variations. Our mode identifications are in good agreement with those of Breger et al. (2015) .
Finally, three oscillation frequencies do not show frequency splitting, i.e., f 12 , f 13 , and f 23 . We notice that f 12 and f 28 have a frequency difference about 10.644 µHz, about twice of δν 2 . However, f 28 , f 25 , and f 11 has been identified as one complete triplet. The frequency difference between f 28 and f 11 is in good agreement with the value between f 25 and f 11 . The frequency difference between f 23 and f 25 is about 16.191 µHz, about three times of δν 2 . The case of f 23 is similar to that of f 12 . The mode identification of f 15 allows of two possibilities, i.e., as a mode with ℓ = 1 or as a mode with ℓ = 2. Frequencies f 5 and f 15 have a difference of about 6.438 µHz, about twice of δν 1 . Thus the spherical harmonic degree ℓ of f 5 and f 15 can be identified as ℓ = 1, and their azimuthal order m can be uniquely identified as being m =(-1,+1). This case is listed in Table 1 . Besides, f 13 and f 15 have a frequency difference of 21.689 µHz, about four times of δν 2 . In this case, the spherical harmonic degree of f 13 and f 15 are identified as ℓ = 2, and their azimuthal order m are uniquely identified as being m=(-2,+2).
Based on the regularities of rotational splitting, five sets of multiplets with ℓ = 1 and ten sets of multiplets with ℓ = 2 are identified. Due to departures from the asymptotic formula, frequency differences in these multiplets may slightly deviate from the averaged values of rotational splitting. Furthermore, it can be noticed in Table 1 that only two components are detected in Multiplet 2, 3, 4, 5, 8, 9, 10, 11, 12, 13, 14, and 15 . Other physical factors like the phenomenon of avoided crossings (Aizenman et al. 1977) and the large separation resulted from the isolated modes (García Hernández et al. 2013; Lignières et al. 2006 ) are also possible.
Based on above analyses, the frequency spectra of EE Cam can be disentangled only with oscillation modes of ℓ = 0, 1, and 2. Oscillation modes with ℓ =3 are not considered in this work. This situation is very different from those of HD 50844 (Chen et al. 2016) and CoRoT 102749568 (Chen et al. 2017) . According to the theory of stellar oscillations, the spherical harmonic degree ℓ is the number of nodal lines by which the stellar surface is divided to oscillate in the opposite phase. The stellar surface will be divided into more zones for higher value of the spherical harmonic degree ℓ. Due to the effect of geometrical cancellation, the detections of oscillation frequencies with higher degree need much higher precision observations. The oscillation frequencies of HD 50844 (Poretti et al. 2009; Balona 2014) and CoRoT 102749568 (Paparó et al. 2013 ) are obtained from the CoRoT timeseries. However, the oscillation frequencies of EE Cam are extracted from the ground-based observations (Breger et al. 2015) . Therefore, only oscillation modes with ℓ = 0, 1,and 2 are considered in this work. 
Input physics
We compute our theoretical models with the Modules for Experiments in Stellar Astrophysics (MESA; Paxton et al. 2011 Paxton et al. , 2013 . The submodule "pulse" of version 6596 is used to compute stellar evolutionary models and to compute their corresponding oscillation frequencies (Christensen-Dalsgaard 2008; Paxton et al. 2011 Paxton et al. , 2013 . Our theoretical models are constructed on basis of the OPAL opacity table GS98 (Grevesse & Sauval 1998) series. The Eddington grey atmosphere T − τ relation in the atmosphere integration is used. The mixing-length theory (MLT) of Böhm-Vitense (1958) is chosen to treat convection. Effects of element diffusion, convective overshooting, and rotation are not included in our calculations.
Model grids
In our calculations, we fix the mixing-length parameter α to the solar value of 1.80, and set the initial helium fraction Y = 0.245 + 1.54Z (e.g., Dotter et al. 2008; Thompson et al. 2014) , as a function of the metallicity Z. The value of Z varies from 0.015 to 0.035 with a step of 0.001. The stellar mass M varies from 1.5M ⊙ to 2.5 M ⊙ with a step of 0.01 M ⊙ . Figure 1 illustrates the evolutionary tracks of the theoretical models on the Hertzsprung-Russell Diagram. In this figure, the rectangle marks the 1σ error box of the effective temperature T eff and the luminosity log L/L ⊙ , i.e., 6269 K < T eff < 6669 K and 1.41 < log L/L ⊙ < 1.67. We calculate frequencies of oscillation modes with ℓ = 0, 1, and 2 for every stellar model falling inside the error box, and fitting them to the observed frequencies according to
In Equation (3), ν theo i denotes the theoretical frequency, ν obs i denotes the observed frequency, and k denotes the number of the observed frequencies.
4. ASTEROSEISMIC ANALYSIS 4.1. The best-fitting model for EE Cam In Section 2, we identify the observed frequencies based on the regularities of rotational splitting. In particular for the oscillation frequencies (f 25 , f 11 , f 28 ) in Multiplet 1 and (f 10 , f 32 , f 37 ) in Multiplet 6, mode identifications are unique and their m = 0 components are detected. When we do model fittings, we only use the two central components f 11 , and f 32 , as well as the the fundamental radial mode f 1 . Breger et al. (2015) identified f 1 as a radial mode based on the analyses of theoretical phase differences and amplitude ratios, and suggested f 1 as the fundamental radial mode based on a detailed analysis of pulsation instability. We use the identification of f 1 as the fundamental radial mode in our calculations.
In Figure 2 , we illustrate the changes of 1/χ 2 as a function of the effective temperature T eff for grid models. Each curve in Figure 2 corresponds to one evolutionary track in Figure  1 . It can be clearly noticed that 1/χ 2 of the theoretical model with Z=0.028 and M = 2.04M ⊙ is much larger than those of other theoretical models. We hence choose the model with the minimum value of χ 2 = 0.00035 as the best-fitting model, and mark it with a filled circle in Figure 2 . The fundamental parameters of the best-fitting model are M = 2.04 M ⊙ , Z = 0.028, T eff = 6433 K, log L/L ⊙ = 1.416, R = 4.120 R ⊙ , log g = 3.518.
Theoretical oscillation frequencies deduced from the bestfitting model are listed in Table 2 , in which n p is the number of radial nodes in propagation cavity of p modes, and n g the number of radial nodes in propagation cavity of g modes. The parameter β ℓ,n measures the size of rotational splitting. Its general expression for a uniformly rotating star is described by Christensen-Dalsgaard (2003) as
where L 2 = ℓ(ℓ + 1), ρ the local density, ξ r and ξ h being the radial displacement and the horizontal displacement, respectively. For high-order g modes, β ℓ,n can be simplified into 1 − 1 ℓ(ℓ+1) , which is in accordance with the term in Equation (1). In Figure 3 , we show the theoretical values of β ℓ,n for theoretical oscillation frequencies. As shown in the figure, most of β ℓ,n are in accordance with the asymptotic value 0.5 for ℓ = 1 modes and 0.833 for ℓ = 2 modes. They show more pronounced g-mode characters in the star. Meanwhile, it can be found that β ℓ,n of several oscillation modes clearly deviate from the asymptotic value. They show more pronounced p-mode characters in the star.
In Table 3 , we show comparisons of the theoretical frequencies and the observed frequencies. The theoretical frequencies with m = 0 are deduced from m = 0 modes in Table 2 on basis of the parameter β ℓ,n . It can be seen in Table 3 that m = 0 components in Multiplet 1, 2, 3, 4, 6, and 10 are detected. However, m = 0 components in Multiplet 5, 7, 8, 9, 11, 12, 13, 14, and 15 have not been detected. The filled circles in Figure 3 mark m = 0 components in these multiplets of Table 3. As shown in Figure 3 , the values of β ℓ,n for oscillation modes with m = 0 in Multiplet 1, 2, 3, 4, 6, and 10 show a good agreement with the asymptotic value of g modes. For Multiplet 7, 8, 9, 11, 12, 13, 14, and 15 , the values of β ℓ,n of their corresponding m = 0 modes also agree well with the asymptotic value. The above analyses also show that performing mode identifications on basis of the regularities of g modes is self-consistent.
Furthermore, we give possible mode identifications for f 12 , f 13 , and f 23 , and list them in Table 4 . For f 12 , we find that the frequency (1, 4, −23, +1) 127.447 µHz may be its possible model counterpart. Moreover, we notice in Table 4 that both of (2, 2, −61, +2) 94.290 µHz and (2, 2, −57, +1) 94.370 µHz are possible model counterparts for f 23 . As discussed in Section 2, the spherical harmonic degree of f 15 allows of two possibilities, i.e., ℓ = 1 or ℓ = 2. For the former case, f 5 and f 15 constitute one incomplete triplet (Multiplet 5 in Table 1 ). It can be seen in Table 3 that (1, 0, −50, −1) 54.580 µHz and (1, 0, −50, +1) 62.534 µHz perhaps are their model counterparts. For this case, we notice in Figure 3 that β ℓ,n of the m =0 component (1, 0, −50, 0) 58.557 µHz clearly deviated from the asymptotic value 0.5. For the latter case, f 13 and f 15 constitute one incomplete quintuplet, and (2, 0, −102, −2) 40.236 µHz and (2, 0, −102, +2) 61.238 µHz may be their mode counterparts. For this case, β ℓ,n of the central component (2, 0, −102, 0) 50.737 µHz is 0.833, which agrees well with the asymptotic value.
Discussions
When we do model fittings, we only use the fundamental radial mode f 1 , and two nonraidal oscillation modes f 11 and f 32 to fit with theoretical calculated frequencies. Figure  4 illustrates the profiles of Brunt−Väisälä frequency N and Lamb frequency L ℓ (ℓ = 1, 2) for the best-fitting model. Figure 5 illustrates the scaled radial displacement eigenfunctions for the fundamental radial mode f 1 and two nonradial oscillation modes f 11 and f 32 . We adopt the default boundary of the helium core of MESA, and mark the position of the hydrogen fraction X cb = 0.01 in Figures 4 and 5 with the vertical lines. The outer zone is the envelope of the star, and the inner zone is the helium core. It can be found in Figure 5 that the fundamental radial mode f 1 mainly propagates in the stellar envelope, and then characterizes the features of the stellar envelope. However for the two nonradial oscillation modes f 11 and f 32 , they have pronounced features of mixed modes. Namely, distinct g-mode features appear in the helium core and p-mode features appear in the stellar envelope. Thus the two nonradial oscillation modes can characterize the features of the helium core.
To investigate more detailed information on the structure of EE Cam, we introduce two asteroseismic quantities, the acoustic radius τ 0 and the period separation Π 0 . Both of τ 0 and Π 0 are independent of ℓ. The acoustic radius τ 0 is the sound travel time for a sound wave from the core of the star to the surface. Aerts et al. (2010) define the acoustic radius τ 0 as
where c s denotes the adiabatic sound speed. The value of c s inside the helium core is much larger than that inside the stellar envelope, thus the features of the envelope of the star can be characterized by the acoustic radius τ 0 . The expression of Π 0 is described as (Unno et al. 1979; Tassoul 1980; Aerts et al. 2010) . In Equation (6), N denotes the Brunt−Väisälä frequency. The period separation Π 0 is dominated by the behavior of Brunt−Väisälä frequency inside the helium core of the star. Then the features of the helium core of the star can be characterized by Π 0 . According to the analyses of Chen et al. (2016) , both of the stellar envelope and the helium core need to match the actual structure of EE Cam, in order to fit the three pulsation modes (f 1 , f 11 , and f 32 ). In Figure 2 , it is very evident that 1/χ 2 of theoretical model with Z = 0.028 and M = 2.04 is much higher than those of other theoretical models. Hence τ 0 and Π 0 are determined to be 5.80 hr and 463.7 s, respectively. The size of the helium core of EE Cam is estimated to be about M He = 0.181 M ⊙ and R He = 0.0796 R ⊙ .
In addition, the rotational period P rot of EE Cam is determined to be 1.84
+0.07
−0.05 days. The theoretical radius R of the best-fitting model is 4.12 R ⊙ . According to the formula υ rot = 2πR/P rot , the equatorial rotation velocity υ rot is estimated to be 113.6 +2.7 −4.1 km s −1 . Based on the inclination angle i = 34 ± 4 deg (Breger et al. 2015) , the value of υ rot sin i is deduced to be 63.5 +7.8 −8.7 km s −1 , which is in accordance with the value υ sin i = 51 ± 8 km s −1 of Bush & Hintz (2008) and slight higher than the value υ sin i = 40 ± 3 km s −1 of Breger et al. (2007) . The δ Scuti star EE Cam is an evolved star. It can be noticed in Table 2 that the frequency spectrum of EE Cam is very dense. The effects of rotational splitting will make the frequency spectrum much more complicated. Dziembowski et al. (1993) analyzed the effects of rotation on the frequency spectra of SPB stars and found that the rotationally split multiplets already begin to overlap at a rotational velocity of about few km s −1 . We searched for frequency differences ranging from 1 µHz to 30 µHz in the observed frequencies of EE Cam. If oscillation modes with ℓ = 3 are considered, we also found another possible scheme of mode identifications. There are fourteen sets of rotationally split multiplets, including three sets of multiplets with ℓ = 1 (i.e., (f 22 , f 8 , f 9 ), (f 6 , f 15 ), and (f 27 , f 31 )), seven sets of multiplets with ℓ = 2 (i.e., (f 19 , f 21 , f 3 ), (f 10 , f 28 , f 33 ), (f 32 , f 12 ), (f 11 , f 34 ), (f 13 , f 5 ), (f 16 , f 20 ), (f 25 , f 35 )), and four sets of multiplets with ℓ = 3 (i.e., (f 23 , f 24 , f 30 ), (f 18 , f 7 ), (f 14 , f 17 ), (f 37 , f 39 )). Four observed frequencies (i.e., f 2 , f 4 , f 36 , and f 38 ) do not show frequency splitting. In this case, we found that most of frequency differences in those multiplets are two or more times that of the averaged rotational splittings. Besides, the dipole mode f 2 identified by Breger et al. (2015) does not show frequency splittings. The frequency f 3 is identified as a mode with l = 2 on basis of the regularities of rotational splitting. However, Breger et al. (2015) suggested that f 3 is a dipole mode based on the line-profile variations. As a consequence, we suggest the mode identifications in Section 2 in our work.
In our work, we fit three frequencies (f 1 , f 11 , and f 32 )for each stellar model by changing three independent physical parameters, i.e., the stellar mass M , the metallicity Z, and the effective temperature T eff . To test effects of other physical parameters like the convective core overshooting on our fitting results, much more stellar models have been computed, f ov ranging from 0.001 to 0.010 with a step of 0.001. The parameter of f ov describes the efficiency of the overshooting mixing, and the definition of f ov is identical to that of Chen et al. (2017) . After doing model fittings, we find 13 other stellar models fitting well to the three frequencies (f 1 , f 11 , and f 32 ). Then we compare their theoretical frequencies with the observed frequencies in Table 3 . Among these 13 stellar models, the structures of two stellar models with (M, Z, f ov , χ 2 ) = (2.03, 0.026, 0.001, 0.0065) and (2.01, 0.025, 0.002, 0.0079) are alike with that of our best-fitting model. Their acoustic radius τ 0 and period separation Π 0 are (5.82 hr, 463.5 s) and (5.79 hr, 463.8 s) respectively. They can reproduce the multiplets in Table 3 . Howerver, their vaules of χ 2 are higher than that of our best-fitting model one order of magnitude. The other 11 stellar models can not reproduce all of those multiplets in Table 3 .
SUMMARY AND CONCLUSIONS
In this work, we have performed a detailed asteroseismic analysis for the δ Scuti pulsating star EE Cam. We try to disentangle the observed frequency spectra of EE Cam with the method of the rotational splitting. Then we build a grid of theoretical models to fitting the identified oscillation modes, aiming at reproducing these observed multiplets and getting the accurate fundamental stellar parameters, as well as investigating the information on the structure of the pulsating star. The main results obtained are summarized as follows.
1. The frequency spectra of the δ Scuti pulsating star EE Cam can be disentangled only with oscillation modes of ℓ = 0, 1, and 2. A total of fifteen sets of multiplets are found, including five sets of ℓ = 1 multiplets and ten sets of ℓ = 2 multiplets. The rotational period P rot is deduced to be 1.84
days from the frequency differences in these multiplets.
2. According to the results of model fittings, we select the theoretical model with the minimum value of χ 2 as the bestfitting model, which has M = 2.04 M ⊙ , Z = 0.028, T eff = 6433 K, log L/L ⊙ = 1.416, R = 4.12 R ⊙ , log g = 3.518, and χ 2 = 0.00035. For the best-fitting model, the observed multiplets are well matched.
3. Based on the best-fitting model, we find that most of the oscillation frequencies belong to the so-called mixed modes. The fundamental radial mode f 1 mainly offers constraints on the properties of the stellar envelope, and these properties can be characterized by the acoustic radius τ 0 . However for the two nonradial oscillation modes f 11 and f 32 , they mainly offer constraints on the helium core, for which the features can be characterized by the period separation Π 0 . Finally, τ 0 and Π 0 are determined to be 5.80 hr and 463.7 s respectively, and the size of the helium core is estimated to be M He = 0.181 M ⊙ and R He = 0.0796 R ⊙ . This work is supported by the NSFC of China (Grant No. 11333006, 11521303, and 11503079) and by the foundation of Chinese Academy of Sciences (Grant No. XDB09010202). The authors gratefully acknowledge an anonymous referee for instructive advice and productive suggestions. The authors gratefully acknowledge the computing time granted by the Yunnan Observatories, and provided on the facilities at the Yunnan Observatories Supercomputing Platform. The authors also acknowledge the discussions with J.-J. Guo, Q.-S. Zhang, T. Wu, G.-F. Lin. Table 3 . TABLE 3 
